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1 Introduction

The auditory evoked potential (AEP) or magnetic
field (AEF) elicited by a toneburst of sufficient du-
ration can be decomposed into transient responses to
stimulus on- and offset and a sustained response that
lasts as long as the stimulus is present and generally
appears as a baseline shift. It is well known that the
sustained potential (SP) shows adaptation with pro-
longed stimulus duration [1]. Indications that also the
sustained field (SF) tends to decrease with increas-
ing latency are available as well [2]. Relatively little
is known about slow magnetic field variations after
stimulus offset. It is suggested at least by near DC-
field measurements [3], [4] that this post-stimulatory
decay is not instantaneous. Purpose of the present
study was to answer the following questions. Does
the SF show adaptation similiar to the SP? How does
the field amplitude return to the prestimulus baseline
after stimulus offset?

2 Methods

Tonebursts of 1 kHz and 10 s duration were presented
at fixed 20 s intervals to the right ear of six right-
handed subjects (4 f, 2 m, 21-37 y). AEFs were
recorded contralateral to the side of stimulation, using
a 37-channel first-order gradiometer system (Biomag-
netic Technologies Inc.). 20 datasets were collected
for each subject. Each measurement lasted 600 s,
corresponding to 30 stimulus presentations. The av-
eraged data (high-pass filtered, 0.03 Hz cut-off) were
modelled using a single fixed dipole (1FD). The am-
plitudes derived for the dipole moment were fitted to
exponentially decaying functions.
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According to function (1) (fit range: 1–10 s after stim-
ulus onset) the SF starts at an initial value
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. In function (2)
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the time elapsed since stimulus offset. According to
this function (fit range: 0.75–5 s) the near-DC field
starts from the initial value
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3 Results

3.1 Exemplary data

The AEF has a clear transient on- and off-response as
well as a less pronounced sustained response.
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Figure 1: Top: Sensor-layout display of the first
300 ms of the auditory evoked field (AEF) arising
from a toneburst of 10 s duration.Bottom: Com-
plete time course for two channels corresponding to
the thick black and the thick grey curve in the upper
part of the figure. On- and off- response appear as
spikes near 0 s and 10 s. The noisy baseline shift in
between represents the sustained field.



In a sensor-layout display (Fig. 1, top) the two main
components of the on-response, deflections N1m and
P2m, can be easily identified. The dominant deflec-
tion in the curves is N1m, having a latency of about
90 ms in this subject. A deflection with opposite po-
larity, P2m, follows with a latency of about 170 ms.
The curves exhibit a dipolar pattern, characterized by
two field extrema with opposite polarity (deflection
N1m has a positive value at the superior and a nega-
tive value at the inferior measurement location), and
a zone with near-zero amplitudes in between. Fig. 1
(bottom) shows the complete time course for two
channels corresponding to the thick black and thick
grey curve in the upper part of the figure. On- and
off-response appear as sharp spikes near 0 s and 10 s.
The noisy baseline shift in between represents the sus-
tained field.

3.2 Interindividual variability

The dipole moments derived from the four sessions
were averaged. Fig. 2 shows the results for all six
subjects. Again the transients appear as sharp spikes
near 0 s and 10 s. The most prominent near DC-
phenomenon, the SF, is evident in all six cases. This
per-stimulatory response clearly exhibits adaptation
with a certain interindividual variability. After stimu-
lus offset, the time course of the estimated dipole mo-
ment returns to the baseline. A relatively poor signal-
to-noise ratio may partially explain why the results
obtained for subject A0050 were peculiar in several
aspects. This subject will be excluded therefore from
part of subsequent considerations.
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Figure 2: Time courses of the dipole moments esti-
mated for the six subjects. Each curve represents the
average of four sessions.

For a quantitative comparison of the time course of
per-stimulatory adaptation and post-stimulatory de-
cay, the exponential functions (1) and (2) were fitted
to the data. A compilation of the results can be found
in Table 1.

Table 1: Parameters obtained by fitting the right-
hand sides of equations (1) and (2) to the estimated
dipole moments. In two cases (marked with an aster-
isk) the asymptotic value

�
had to be adjusted in ad-

vance to obtain reasonable time constants. The post-
stimulatory decay could be analyzed only in four sub-
jects.

per-stimulatory decay post-stimulatory decay
subject A (nAm) B C A F G (s) I (nAm) F J (s)
A0022 -1.9 0.75 2.4 -0.6 1.8
A0030 K L N P Q 0.77 3.0 -3.9 1.9
A0050 R K T N U V R W N X Y V R W N X V – –
A0073 -5.4 0.74 3.0 -1.8 2.1
A0075 K U N P Q 1.18 4.1 -4.2 1.2
S0025 -5.1 1.53 4.0 – –
median -5.1 0.77 3.0 -2.9 1.9
mean -5.1 0.99 3.3 -2.6 1.8
SD 2.6 0.35 0.75 1.7 0.38

Typical adaptation time constants (parameter
) � ) ap-

pear to be of the order 2.5-4 s (median 3 s), though
a considerably longer time constant could not be ex-
cluded in subjects A0030 and A0075, where the lim-
ited signal-to-noise ratio hindered a clear distinction
between an exponential and a linear decay. This prob-
lem was overcome by specifying the asymptotic level
(parameter

�
) in advance, based on the mean dipole

moment in the 500 ms interval immediately preced-
ing stimulus offset. The value of parameter

�
exhibits

a considerable variability, ranging from -1.9 nAm in
subject A0022 to -9.0 nAm in subject A0030 (median
-5.1 nAm). The parameter ratio

� ' �
, which relates

the amount of decay to the asymptotic value, turned
out to be less variable. It varied between 0.74 in sub-
ject A0073 to 1.53 in subject S0025. Except for sub-
jects S0025 and A0050, the asymptotic decay of the
dipole moment after stimulus offset could be approx-
imated by function (2). The amplitude

0
ranged from 2 4 _

nAm in subject A0022 to
 a 4 c

nAm in subject
A0075, and the time constant

) :
from 1.2 s in subject

A0075 to 2.1 s in subject A0073 (median 1.9 s).



3.3 Grand average of estimated dipole mo-
ment

Fig. 3 (calculated on the basis of all subjects ex-
cept A0050) shows a grand average of normalized
dipole moments. To ensure that all subjects contribute
equally to the grand average, an amplitude normal-
ization was carried out beforehand (division by the
respective asymptotic value

�
given in Table 1).
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Figure 3: Grand Average of normalized dipole mo-
ments from 5 subjects (subject A0050 excluded). The
two insets show the time windows -0.1 s to 1 s (left)
and 9.9 s to 11 s (right) in an enlarged scale.

The signal-to-noise ratio of the grand average is evi-
dently quite high, and especially the exponential de-
cay after stimulus offset is much clearer than in the
individual curves. Fitting the exponentially decaying
functions (1) and (2) to the grand average (asymptotic
level

�
of function (1) pre-defined as -1) resulted in

the grey curves in Figu. 3. The good agreement with
the grand-averaged experimental data suggests that
the assumption of an exponential decay for both the
SF and the near-DC field after stimulus offset is ade-
quate. The fits for the grand-averaged data yielded an
amplitude ratio

� ' �
=0.99, and time constants

) � =3.6 s
and

) :
=2.7 s. The values obtained for the first two pa-

rameters agree well with the mean parameter values
given in Table 1. The larger discrepancy for the lat-
ter parameter results from the fact, that subject S0025
(for which the asymptotic decay of the dipole moment
after stimulus offset could not be approximated by
function (2)) was used for the calculation of the grand
average (omitting this subject resulted in

) :
=1.6 s).

3.4 Source locations

Fig. 4 shows the rough spatial relationship between
the equivalent current dipole representing the SF,
N1m, P2m and N1mOff in two orthogonal planes, the
x-y plane (top) and the x-z plane (bottom). Like the
dipoles representing the SF, dipoles for the other de-
flections were estimated using the 1FD model. The
origin of the coordinate system was defined so that
it corresponds to the equivalent current dipoles repre-
senting deflection N1m. The figure suggests that, in
the group mean, the location (median of 4 sessions) of
the SF generator and the N1m generator are basically
the same. The generator of deflection P2m (which
could be assessed only in subjects A0022, A0075,
and S0025), was found about 1 cm anterior and about
0.7 cm inferior to the N1m generator.
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Figure 4:Coordinates of estimated dipoles projected
into two orthogonal planes (top: x-y plane; bottom:
x-z plane). The origin of the coordinate system corre-
sponds to the location estimated for deflection N1m.
The unfilled, filled black, and filled grey symbols rep-
resent the coordinates estimated for the SF, N1mOff
and P2m, respectively. All these symbols represent
the median of four sessions. For one of the subjects
(A0050, the subject with the worst signal-to-noise ra-
tio) the locations derived from the four independent
sessions are displayed as well (cross or symbol ‘x’).



4 Discussion

This study demonstrated that magnetic fields in a
frequency range below 0.1 Hz (near-DC) are acces-
sible also to conventional measurement techniques,
though special near-DC techniques (transformation of
the near-DC fields to higher frequencies by moving
the subject under the measurement system) are evi-
dently required when going from near-DC to real DC.
The SF shows adaptation similar to the SP. Its time
course can be described quite well by an exponen-
tially decaying function with a time constant of about
3.0 s. As a rule of thumb, the dipole moment at the be-
ginning of the SF is about twice as high as the asymp-
totic value. After stimulus offset, the SF does not drop
immediately to the baseline level, but is followed by
a poststimulatory decay with a time constant of about
2.7 s.
Hari (1990) supposed that the SF may reflect activity
of sustained-type cells during continuous input to the
auditory cortex or summation of activity in transient
cells. Possibly both explanations, sustained-type ac-
tivity and summation of activity, contribute to the SF.
Such a two-component model could explain at least
some of the near-DC phenomena in the grand-average
curve shown in Fig. 3. We hypothesize that one com-
ponent, roughly follows the envelope of the stimulus,
whereas the second component behaves like a leaky
integrator. In such a model, which has been widely
used for example in theoretical studies of action po-
tential initiation, the effects of inputs sum linearly and
decay exponentially with a certain time constant [6].
A suggestive hint of the hypothesized two-component
model can be found at stimulus offset, where the near-
DC field drops from the perstimulatory asymptotic
level to a lower level, from which it decays exponen-
tially to the baseline (representing the level of activity
before stimulus onset). We attribute the almost in-
stantaneous drop to the first component and the sub-
sequent exponential decay to the second component.
To explain the perstimulatory exponential decay, we
assume, furthermore, that at least the input to the first
component is subject to adaptation.
In magneto- or electroencephalographic investiga-
tions, near-DC fields are easily eliminated by high-
pass filtering. This is, in fact, the common practice in
almost all studies. However, when using functional
imaging techniques like fMRI and PET, the activ-
ity actually measured represents a temporal integral,
owing to the poor temporal resolution of these tech-
niques. It is evident (compare Fig. 3) that integra-

tion of the response magnitudes over a few seconds
or more increases the relative importance of near-DC
phenomena considerably, whereas faster phenomena
become less prominent. This consideration suggests
that a better understanding of near-DC fields may be
crucial for the understanding of the relationship be-
tween MEG and other functional imaging techniques
like fMRI and PET.
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